INTRODUCTION {#sec1-1}
============

Total shoulder arthroplasty (TSA) is a reliable procedure for pain relief with good to excellent outcomes in patients with arthritis.\[[@ref1]\] The most common reason for failure of TSA is loosening of the glenoid component with subsequent glenoid bone loss.\[[@ref2]\] Several different designs of glenoid components have been utilized in TSA and can be categorized into two basic categories: All-polyethylene (PE) glenoid component or metal-backed designs consisting of a metal implant fixed directly onto the glenoid with a snap-in PE component.\[[@ref3]\] Metal-backed glenoid components; however, have resulted in a higher rate of loosening than that of traditional cemented PE components in several series.\[[@ref4][@ref5][@ref6]\] Metal-backed glenoids were first introduced as an alternative to cemented PE components according to the theory that a metal in-growth component would result in a lower incidence of loosening.\[[@ref3]\] Additional metal screws were also incorporated into the metal-backed components to further augment the fixation onto the glenoid. Unfortunately, as the previous outcome studies identified, a number of these metal-backed implants ultimately failed and requiring revision surgery. Revision surgery in this scenario is difficult, but good results can be obtained when converting a failed anatomical shoulder arthroplasty with glenoid loosening to a reverse shoulder arthroplasty.\[[@ref7]\] Other complicating factors in revision shoulder surgery include the presence of latent infection and bone loss from both glenoid and humerus. Managing these failed TSA scenarios may require staged surgical procedures to eradicate the infection and restore glenoid bone integrity/stability, etc., through bone grafting procedures.

Management of a failed anatomic unconstrained TSA presents a challenging problem. Failure of bilateral TSA secondary to metal-backed glenoid component loosening is extremely rare and difficult to manage. We present two patients with failed bilateral total shoulder arthroplasties and their treatments and outcomes.

CASE REPORTS {#sec1-2}
============

Case 1 {#sec2-1}
------

An 80-year-old male presented with a history of bilateral glenohumeral arthritis status post-bilateral total shoulder replacements (left shoulder in 1996 and right shoulder in 1997). Both shoulders were replaced with the Kirschner modular II-C components (Kirschner Medical Corp., Fair Lawn, New Jersey), which is comprised of a modular humeral head/proximal porous coated stem and a metal-backed pressed fitted glenoid component with proximal and distal interlocking fixation screws. Patient experienced a routine intraoperative and post-operative course after both shoulder replacements without any complications.

In terms of the left shoulder, patient reported a few years of good pain relief and functional improvements after the shoulder replacement. However, he started to have intermittent left shoulder pain about 3 years after surgery that progressed to constant pain and significant limitation in terms of his range of motion and also functional activities. On physical examination, his forward flexion (FF) was 0-60, external rotation (ER) of 0-15 and internal rotation to his back pocket only. He also had significant pain with any range of motion on examination. Strength testing demonstrated 4/5 in supraspinatus and 4/5 in ER. Anteroposterior radiograph of the left shoulder showed significant loosening of the metal-backed glenoid component and cavitary bone loss with failure of fixation of both screws \[[Figure 1b](#F1){ref-type="fig"}\]. Computed tomography scan confirms the massive bone loss in the glenoid with associated rotator cuff tear. Due to the significant glenoid bone loss, patient underwent a resection arthroplasty in 2010 (14 years from the original procedure). At the most recent follow-up (2012), patient had no pain on the left shoulder. His range of motion measurements were: FF\[[@ref8]\] = 0-90, abduction = 0-50, ER = 0-45 \[[Figure 2](#F2){ref-type="fig"}\]. Radiographs revealed of the resection arthroplasty revealed a small amount of heterotopic bone formation around the humeral shaft \[[Figure 1d](#F1){ref-type="fig"}\]. His simple shoulder test (SST) score was 16 and American Shoulder and Elbow Surgeons (ASES) score was 23.

![Anteroposterior radiograph of the patient in case one with the right (a) and left (b) shoulder showing the failed bilateral metal-backed glenoids. The right shoulder was revised to a large head hemiarthroplasty (c) and the left shoulder was revised with resection arthroplasty (1d)](IJSS-7-143-g001){#F1}

![Anteroposterior radiograph of patient in case two with the right (a) and left (b) shoulder showing the failed bilateral metal-backed glenoids. The right shoulder was revised to a reverse arthroplasty (c) and the left shoulder was revised with a custom reverse arthroplasty after staged glenoid bone grafting with iliac crest autograft (d)](IJSS-7-143-g002){#F2}

On the right shoulder, patient also reported progressive intermittent pain that started about 4-5 years after the initial procedure. This also progressed to constant pain and significant limitations of his activities of daily living. On physical examination, patient range of motion was FF = 0-90 passive and 0-30 active, ER = 0-20 and internal rotation (IR) to the back pocket only. Patient also demonstrated significant weakness with supraspinatus and ER strength testing. Radiographs revealed failure of the metal-backed glenoid with obvious radiolucency indicating lysis around the glenoid component \[[Figure 1a](#F1){ref-type="fig"}\]. Patient underwent a revision arthroplasty to a large head hemiarthroplasty (2012) with removal of both failed metal-backed glenoid and the loose humeral stem. At the time of surgery, it was noted that the PE was worn with resulting metal on metal articulation and metallosis of the soft-tissue around the failed glenoid component. At the most recent follow-up (7 months post-op), range of motion was: FF = 0-70, abduction = 0-50 and ER = 0-65 \[[Figure 2](#F2){ref-type="fig"}\]. He reports minimal pain on the right; however, he does have limitations of his daily activities due to his decreased range of motion. Radiographs demonstrate superior migration of the hemiarthroplasty without evidence of loosening \[[Figure 1c](#F1){ref-type="fig"}\]. His outcome scores included a SST score of 16 and an ASES score of 25.

Case 2 {#sec2-2}
------

A 75-year-old male presented to the clinic with a history hemochromatosis and bilateral glenohumeral arthritis status post-bilateral total shoulder replacements (left shoulder in 1999 and right shoulder in 2002). Both shoulders were also replaced with the Kirschner modular II-C components (Kirschner Medical Corp., Fair Lawn, New Jersey, USA).

In terms of the left shoulder, patient reported several years of good pain relief and functional improvements after the shoulder replacement. However, he started to have intermittent left shoulder pain about 8 years after surgery that progressed to constant pain and significant limitation in terms of his range of motion and also functional activities. On physical examination, his FF was 0-80, ER of 0-45 and internal rotation to L3. He also had significant pain with any range of motion on examination and strength testing demonstrated 4+/5 in supraspinatus and 4--/5 in ER. Anteroposterior radiograph of the left shoulder showed catastrophic failure of the metal-backed glenoid component with breakage of both screws \[[Figure 3b](#F3){ref-type="fig"}\]. Given the pain and functional impairment, the patient underwent revision arthroplasty with removal of the metal-backed glenoid and humeral components. Intraoperatively, significant metallosis was encountered. In addition, there was a concern for infection. Intraoperative frozen section indicated acute inflammatory reaction with a high WBC seen on the high-powered field. Based on the high probability of a coexistent infection, a decision was made to place prosthesis of antibiotic-loaded acrylic cement (PROSTALAC) antibiotic humeral component and bone graft the glenoid cavitary defect with iliac crest autograft bone graft. Subsequently, intraoperative cultures grew both *Methicillin-resistant Staphylococcus aureus* (MRSA) and Propionibacterium acnes. Patient was treated with 8 weeks of intravenous antibiotics and Peripherally Inserted Central Catheter (PICC) line. Arthroscopic biopsy was then performed and demonstrated no evidence of persistent infection. Patient underwent revision arthroplasty to a custom reverse prosthesis component (Biomet comprehensive custom reverse prosthesis, Warsaw, IN) in 2008. Patient tolerated the procedure well with no intraoperative or post-operative complications. On the most recent follow-up (2012), patient had no pain on the left shoulder. His range of motion measurements were: FF = 0-170, abduction = 0-95, ER = 0-30 \[[Figure 4](#F4){ref-type="fig"}\]. Radiographs revealed the custom reverse prosthesis was stable without evidence of loosening or failure \[[Figure 3d](#F3){ref-type="fig"}\]. His SST and ASES measured 83 and 78 respectively.

On the right shoulder, patient also reported progressive intermittent pain that started about 6 years after the initial procedure. This progressed to constant pain and significant limitations on the overall range of motion. On physical exam, patient\'s range of motion was: FF = 0-60 passive, ER = 0-20 and IR to the side only. He also had significant weakness with supraspinatus and ER testing. Radiographs revealed lucency behind the metal-backed glenoid without failure of the two screws as well as marked decrease in the space between the humeral head and metal-backed glenoid indicating wear \[[Figure 3a](#F3){ref-type="fig"}\]. Patient underwent revision arthroplasty with removal of the glenoid component and humeral modular head. An intraoperative biopsy was also obtained, which was positive for *P. Acnes* and subsequent placement of a PROSTALAC spacer was performed. Furthermore, he had a prolonged course of IV penicillin via PICC line. In 2010, patient underwent a revision arthroplasty with reverse shoulder prosthesis (Tornier Aequalis Reverse system. Bloomington, MN) and iliac crest bone graft of the glenoid. Harvesting of the iliac crest was performed with an oscillating saw and a 3 cm × 3 cm tri-cortical crest was obtained. The iliac crest was shaped to fit the glenoid defect and the metaglene was fixed onto the crest and native glenoid with a central plug and two compression screws. Patient tolerated the procedure well with no intraoperative or post-operative complications. On the most recent follow-up (2 years post-op), range of motion: FF = 0-120, abduction = 0-80, ER 0-75 and IR to back pocket \[[Figure 4](#F4){ref-type="fig"}\]. He reports minimal pain on the right and no limitations to his activities of daily living. Radiographs demonstrate the reverse prosthesis in a good position without evidence of loosening or failure \[[Figure 3c](#F3){ref-type="fig"}\]. His SST and ASES scores measured 100 and 88 points respectively.

![Clinical photograph of the patient in case one demonstrating limited range of motion in forward flexion (a and b) and external rotation (c). On the right shoulder, patient had a revision to a large head hemiarthroplasty and on the left shoulder; patient had a resection arthroplasty](IJSS-7-143-g003){#F3}

![Clinical photograph of the patient in case two demonstrating excellent range of motion in forward flexion (a and b) and external rotation (c). On the right shoulder, patient had a revision to a reverse arthroplasty and on the left shoulder; patient had a staged glenoid bone graft and subsequent revision to a custom reverse prosthesis](IJSS-7-143-g004){#F4}

DISCUSSION {#sec1-3}
==========

The overall number of TSA performed in the United States for degenerative pathologies affecting the shoulder joint have increased dramatically over the last decade.\[[@ref9]\] Survival analysis of 2588 TSA\'s from the Mayo clinic projected a prosthetic survival of 94.2% at 5 years, 90.2% at 10 years and 81.4% at 20 years. The incidence of revision shoulder arthroplasty relating to the initial procedure was 8.2% or 212 TSA.\[[@ref10]\] Failure of anatomical shoulder arthroplasty can be from a myriad of reasons, with the most common reason being glenoid loosening.\[[@ref11][@ref12]\] In particular, metal-backed glenoid components fail at a higher rate than that of cemented all PE glenoids and may be related to the fact that the PE component experiences greater amounts of stress when analyzed experimentally using finite element analysis.\[[@ref13]\] In a series of 42 TSAs with symptomatic failed glenoids requiring revision surgery, 32 or 76% were metal-backed glenoids.\[[@ref12]\] The main mode of failure in an all-PE glenoid component is aseptic loosening, whereas in a metal-back glenoid design, failure may also be related to PE liner wear and dissociation.\[[@ref5][@ref12][@ref14]\] Despite the poor outcomes for metal-backed glenoids, newer designs are being introduced with different materials comprised of porous coating, such as trabecular metals. Unfortunately, even the newer trabecular metal designs appear to be subject to higher failure rates.\[[@ref15]\]

Failure or loosening of the glenoid component in anatomical shoulder arthroplasty almost universally results in glenoid bone loss.\[[@ref16][@ref17]\] Options for revision surgery in the setting of a failed glenoid with significant bone loss are varied and include removal of the loose glenoid without re-implantation (hemiarthroplasty), re-implantation of another glenoid component with or without staged bone grafting, revision to a reverse shoulder arthroplasty and resection arthroplasty.\[[@ref3][@ref6][@ref12][@ref17][@ref18][@ref19]\] Bonnevialle *et al*.\[[@ref12]\] reported the results of all PE glenoid re-implantation in a series of failed TSA and at the final follow-up of 74 months, 7 patients (17%) had re-revision and another additional 50% of patients showed radiographic loosening of the cemented all-PE glenoid component. Thus, the authors concluded that revision of a TSA with re-implantation of an all-PE cemented glenoid component does not solve the problem of glenoid loosening with bone loss. Both hemiarthroplasty and resection arthroplasty have been indicated for failed TSA and associated with poor functional outcomes and patient satisfaction in the literature.\[[@ref11][@ref20][@ref21][@ref22][@ref23]\] In our first patient, there was massive glenoid bone loss and metallosis associated with the metal-backed glenoids. Thus, our surgical options were limited and the decision was made to proceed with a large-head hemiarthroplasty and resection arthroplasty for the right and left shoulder, respectively. At the most recent follow-up, patient reported limitation in range of motion of both shoulders and also low SST and ASES scores.

Modern day reverse total shoulder arthroplasty (rTSA) was designed in Europe in 1985 for indications of rotator cuff tear arthropathy associated with pseudoparesis of the shoulder.\[[@ref24]\] The FDA recently approved this prosthesis for use in the United States in 2004. As surgeons gain more experience with the rTSA, the indications have expanded to the treatment of the proximal humerus fractures in the elderly and also for failed TSA.\[[@ref25][@ref26]\] Although utilizing the rTSA for a failed TSA is a viable option, the surgeon must be cognizant of the high complication rates associate with the rTSA.\[[@ref27]\] In our second patient, we elected to convert his failed TSA to a reverse arthroplasty. On the left shoulder, there was significant glenoid bone loss; thus, we performed a staged procedure with iliac crest bone graft and revision with a custom reverse prosthesis after bone incorporation. One the right side, even with the glenoid bone loss, we were able to perform a single staged revision with iliac crest bone graft after eradication of the infection. Patient at the final follow-up had significant improvement in his range of motion and also function (ASES and SST (Simple Shoulder Test)). Patel *et al*.\[[@ref18]\] evaluated 31 patients with rTSA for a failed TSA and reported significant improvement in their functional outcome (UCLA, ASES, SST and VAS) and decrease in pain with a 5 year follow-up period. Ortmaier *et al*.\[[@ref8]\] also reported similar findings in a series of 57 patients that had revision of failed TSAs to a reverse prosthesis. With an average follow-up of 51 months, all functional outcome scores improved (Constant-Murley, UCLA, SST) with high patient satisfaction.

Factors to carefully consider and evaluate in the setting of failed TSA are, first and foremost, patient factors (age, occupation, health status and desired activity level), presence of infection, severity of glenoid bone loss, status of the rotator cuff and the types of components present \[[Table 1](#T1){ref-type="table"}\]. The evaluation of the humeral stem and assessment of the modularity and ability to retain the stem are particularly important considerations in accommodating a reverse prosthesis. For patients with bilateral failed anatomical shoulder arthroplasty, a step-wise, critical assessment is crucial. First, a thorough evaluation of infection must be performed. If infection is confirmed through pre-operative analysis through laboratory and aspiration then a debridement and removal of prosthetic components is performed. While a PROSTALAC spacer has provided satisfactory outcomes, some patients may desire a revision reconstruction.\[[@ref28]\] If infection is suspected intraoperatively, additional cultures, frozen section and immediate, intraoperative gram stain and white blood cell counts under high powered field may be utilized in the decision making process.\[[@ref29]\] Another critical step in evaluation is that of the glenoid bone stock. More than likely some level of bone loss is present that requires bone grafting. Given the difficulty of performing revision with an anatomical shoulder arthroplasty in the setting of glenoid bone loss, reverse shoulder arthroplasty represents a likely superior method as bone grafting in conjunction with the placement of a glenoid baseplate can allow for a potentially single stage revision procedure.\[[@ref19]\] Because the native humeral head is absent in the revision setting, several alternatives and techniques have been described including using autograft iliac crest and allograft femoral neck.\[[@ref19][@ref30]\]

###### 

Evaluation and surgical planning factors for revision surgery in the setting of failed shoulder arthroplasty
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CONCLUSION {#sec1-4}
==========

Bilateral failed TSA is a rare problem. Metal-backed glenoids have a high failure rate and represent a difficult subset of revision cases due to the glenoid bone loss. Multiple treatment options are possible, but careful consideration based on multiple factors must be performed. Conversion to a reverse shoulder arthroplasty resulted in better functional results in comparison to resection arthroplasty and conversion to hemiarthroplasty particularly in the two patients that presented with failed bilateral anatomic shoulder arthroplasties.
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